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PRESSURE DRIVEN SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is related to a co-pending U.S. 
patent application Ser. No. 1 1/077.499 filed herewith titled 
“Pressure Driven Pumping System'assigned to the assignee 
of the present application. That application is incorporated 
herein by reference in its entirety. 

BACKGROUND OF INVENTION 

1. Field of the Invention 
The invention relates generally to pumps for use in the 

hydrocarbon recovery industry, and in particular to a pressure 
driven pumping system for pumping hydrocarbons from a 
well. 

2. Background Art 
Pumps are used for a variety of tasks in the oil and gas 

industry. In particular, pumps are often used in Subsea appli 
cations, such as for operating pressure driven Subsea equip 
ment (BOPS, gate valves, and the like), for bringing drilling 
mud to the Surface while drilling, and for bringing produced 
fluids from a completed well to the surface. 

Examples of pumping systems are disclosed in various 
patents. U.S. Pat. No. 6,202.753 discloses an accumulator for 
use in deepwater operational and control systems. The appa 
ratus uses a differential between a high pressure ambient 
pressure source such as seawater pressure and a low pressure 
source such as a chamber holding vacuum or atmospheric 
pressure to provide storage and delivery of hydraulic power 
for operation of equipment. 

U.S. Pat. No. 6,325,159 discloses a system for drilling a 
subsea well from a rig through a subsea wellhead below the 
rig including a wellhead stack mounted on the Subsea well 
head. The wellhead stack includes at least a subsea blowout 
preventer stack and a Subsea diverter. A drill string extends 
from the rig through the wellhead stack into the well to 
conduct drilling fluid from the rig to a drill bit in the well. A 
riser which has one end coupled to the wellhead stack and 
another end coupled to the rig internally receives the drill 
string such that a riser annulus is defined between the drill 
string and the riser. A well annulus extends from the bottom of 
the well to the subsea diverter to conduct fluid away from the 
drill bit. A pump has a Suction side in communication with the 
well annulus and a discharge side in communication with the 
rig and is operable to maintain a selected pressure gradient in 
the well annulus. 

U.S. Pat. No. 6,263,971 discloses a system used for pro 
duction of petroleum effluents situated at great water depths. 
The system includes an intermediate floating station situated 
below the Surface at a depth selected according to the pressure 
of the effluent at the outlet of wellheads situated on the sta 
tion, production risers communicating with the well to be 
worked, an anchor including production risers, a pump situ 
ated on the floating station which transfers the effluent to a 
processing or destination site, a transfer which transfers the 
effluent between the floating station, the water bottom and a 
final platform or a processing plant, and an energy source 
providing necessary energy to the various equipments 
installed on the floating station. 
One problem with producing fluids through a subsea well 

head is that pressure in the formation generally decreases over 
time, affecting the demands on the pumping system used to 
bring fluids to the surface. In particular, it is desirable for the 
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2 
pumping system to be capable of pumping fluid to the Surface 
even when well fluid pressure has decreased below ambient 
hydrostatic pressure. 

SUMMARY OF INVENTION 

According to one aspect of the invention, a pressure driven 
pumping system is disclosed. A separating member is dis 
posed within a first bore of a housing to separate a process 
chamber from a working chamber. The separating member is 
movable within the housing. A rod member coupled to the 
separating member extends into a reduced pressure chamber. 
The reduced pressure chamber is sealed from the working 
chamber and is configured for Sustaining a pressure less than 
a pressure in the working chamber. Other aspects of the inven 
tion include a method of manufacturing a pressure driven 
pumping system and a method of pumping fluid from a Subsea 
well. 

Further aspects and advantages of the invention will be 
apparent from the following description and the appended 
claims. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 conceptually depicts the environment of a subsea 
wellhead system for controlling fluid flow from a subsea 
formation. 

FIG. 2 illustrates one embodiment of a pressure driven 
pumping system in accordance with the invention. 

FIG. 3A illustrates the pressure driven pumping system of 
FIG. 2 at the beginning of a fill stroke. 
FIG.3B illustrates the area of a piston face exposed to well 

fluid. 
FIG. 3C illustrates the area of the piston face exposed to 

SeaWater. 

FIG. 4 illustrates the pressure driven pumping system of 
FIG. 2 at the beginning of a discharge stroke. 

FIG. 5 illustrates an embodiment including a rolling dia 
phragm for preventing discharge of contaminants to ambient 
SeaWater. 

FIG. 6 illustrates a method of pumping fluid from a subsea 
well. 

FIG. 7 illustrates a method of manufacturing a pressure 
driven pumping system. 

FIG. 8 shows a pumping system using the pressure of an 
injection well to assist in pumping in accordance with an 
embodiment of the present invention. 

DETAILED DESCRIPTION 

In one aspect of the invention, a pressure driven pumping 
system employs a positive displacement pumping element to 
pump well fluids from a subsea wellhead to the surface. Well 
fluid enters a process chamber and moves a piston during a fill 
stroke. Seawater is then pumped to a working chamber to 
move the piston the opposite direction during a pump stroke, 
thereby pumping the well fluid. The piston may have a 
stepped configuration, Such that well fluid pressure on the 
process side acts on a greater piston area than seawater hydro 
static pressure on the working fluid side, enabling the lower 
pressure well fluid to drive the piston against higher pressure 
SeaWater. 

FIG. 1 depicts a simplified version of a subsea wellhead 
system 100 for controlling fluid flow from a subsea formation 
114 to above a waterline 116 (the “surface') where it can be 
transported to another location for further processing. The 
subsea wellhead system 100 may include sub-systems known 
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in the art, Such as production "christmas trees for producing 
fluids from a hydrocarbon formation. At least a portion of a 
pumping system 118 is positioned in seawater 115 for pump 
ing flow from the wellhead system 100 to the surface 116. 
Pressure within a well varies over the life of the well. Initially, 
fluids within the formation 114 may be very high, providing 
much of the pressure required to lift the fluids to the surface. 
As time passes, pressure in the formation 114 typically 
decreases, even though the formation 114 is still capable of 
producing in profitable quantity. The pumping system 118 
must therefore be usable despite changes in pressure over 
time, to reliably pump fluid over the life of the well. 

Although the invention will be discussed primarily in the 
context of pumping production fluids from a completed well, 
those skilled in the art will appreciate that the invention may 
also be useful in a variety of other pressure driven pumping 
applications, such as for pumping drilling mud through a 
riserless system to a floating vessel during drilling of a well, 
or for powering hydraulically-actuated Subsea components. 

It is conventional to refer to fluid being pumped as “process 
fluid, e.g. produced hydrocarbons or drilling mud pumped 
from the well to the surface. It is also conventional to refer to 
fluid used to drive a pumping element as “working fluid' or 
“power fluid.” In subsea environments, seawater is often used 
as the working fluid, because there is a virtually infinite 
Supply, and because seawater hydrostatic pressure can often 
be used to assist the driving of the pumping element. The sea 
also provides an essentially limitless reservoir for discharged 
seawater. The description that follows will therefore refer to 
the working fluid as being seawater, and process fluid as being 
well fluid such as hydrocarbons. One of ordinary skill in the 
art, however, will appreciate that other working fluids and 
process fluids may be used in some embodiments. 

FIG. 2 illustrates one embodiment of a positive displace 
ment pumping element 10 according to the invention, which 
may be included with the pumping system 118 of FIG. 1. 
Multiple units of the pumping element 10 will typically be 
included with the pumping system 118, to increase flow 
capacity, provide redundancy, and so forth. A positive-dis 
placement pump 120, depicted using a generic pump symbol, 
may be included with the pumping system 118. A useful 
characteristic of positive-displacement pumps is that, unlike 
centrifugal pumps, the output is Substantially constant regard 
less of pressure on the inlet or outlet. Although a centrifugal 
pump may be used to pump seawater to the positive displace 
ment pumping element 10 in an embodiment of the invention, 
a positive-displacement pump 120 would be expected to 
result in a more constant flow rate for the pumping system 
118. 

Various aspects and structural details of the pumping ele 
ment 10 may be discussed in connection with its embodiment 
in FIG. 2. A housing 12 has a first bore 14 defined by interior 
wall 15, which may be formed in a variety of ways known in 
the art, such as by machining, casting, forging, or combina 
tions thereof, and not necessarily by boring. The first bore 14 
is typically circular, although other embodiments of the first 
bore may be differently shaped. A second bore 20 passes to 
the first bore 14 within the housing 12, and may be formed 
using similar techniques as the first bore 14. 
A separating member, which in FIG. 2 is a piston 22, is 

disposed within the first bore 14 of the housing 12. The piston 
22 is typically shaped like the first bore 14, which in this 
embodiment means the piston 22 is circular. The piston 22 is 
slidably sealed with the interior wall 15 by a sealing member 
23 to separate the first bore 14 into a process chamber 24 and 
a working chamber 26. As shown, process chamber 24 and 
working chamber share the same first bore 14. The sealing 
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4 
member 23 may be selected from a variety of annular seals 
known in the art, such as an o-ring or dovetail seal. The piston 
22 is movable by sliding within the first bore 14 to vary the 
volume of the process chamber 24 and the volume of the 
working chamber 26. 

Still referring to FIG. 2, a reduced pressure portion 30 is 
included with the housing 12. The portion of the housing 12 
that includes the first bore 14 may be formed separately from 
or as a unitary body with the reduced pressure portion 30. An 
interior wall 34 of the reduced pressure portion 30 defines a 
reduced pressure chamber 32 that can Sustain low pressures, 
Such as from 1 atm down to a near vacuum. The second bore 
20 passes to the reduced pressure chamber 32. 
A rod member, which in FIG. 2 is a rod 28, is coupled to the 

piston 22, which resides in the first bore 14. In the embodi 
ment shown the rod 28 and piston 22 may be formed as a 
unitary body, or they may be welded, brazed, or otherwise 
joined. Conceptually, however, in other embodiments the pis 
ton 22 and rod 28 may be coupled without actually contacting 
one another, such as with a thin piece of wire or other inter 
mediate member. The rod 28 is straight and cylindrical, but in 
other embodiment the rod need not necessarily be straight nor 
cylindrical. 

Still referring to the embodiment of FIG. 2, the rod 28 
extends through the second bore 20 from the working cham 
ber 26 into the reduced pressure chamber 32. The reduced 
pressure chamber 32 is sealed from the working chamber 26 
by the sealing member 36, which in this embodiment is a 
component of the separating member and may include any of 
a variety of annular seals known in the art, Such as an o-ring. 
Thus, the reduced pressure chamber 32 is configured for 
sustaining a pressure less than a pressure in the working 
chamber 26, the importance of which is discussed in more 
detail below. 

Those skilled in the art will recognize that the separating 
member need not be a piston. For instance, in other embodi 
ments, the separating member may comprise a flexible dia 
phragm sealingly secured to interior wall 15. Whereas a pis 
ton varies the volume of chambers 24, 26 by sliding along 
interior wall 15, the flexible membrane may be fixed to the 
interior wall 15, and may instead move by flexing rather than 
sliding, to vary the Volumes in chamber 24, 26. 
A number of ports and valves are configured for controlling 

flow to and from the pumping element 10. Referring still to 
FIG. 2, the housing 12 includes an inlet port 38 for pumping 
water into the working chamber 26, and an outlet port 40 for 
passing seawater out of the working chamber 26 to the Sea, or 
to a depleted Subsea formation used for storing contaminated 
seawater. The positive-displacement pump 120 is typically 
positioned subsea or on a floating vessel. Fluid flow through 
ports 38 and 40 may be controlled with valves, such as work 
ing fluid valves 44 and 42, respectively. Port 48 allows 
entrance of well fluid into process chamber 24. Port 50 allows 
exit of well fluid from process chamber 24, through produc 
tion line 49 to a pipeline or floating vessel (not shown). Flow 
through ports 48 and 50 may be controlled by valves such as 
valves 52, 54. A control unit (not shown) may be used to 
control the valves, as well as the seawater pump 120. 

Well fluid may be pumped with pump element 10 using 
alternating fill and pump strokes. During a fill stroke, the 
piston 22 is moved from its position in FIG.3A to its position 
in FIG. 4 to draw in well fluid, as follows. FIG. 3A shows the 
pumping element 10 at the beginning of the fill stroke. Valve 
54 is closed and valve 52 is opened to the process chamber 24, 
and valve 44 is closed and valve 42 is open to the working 
chamber 26. Well fluid flows from the well through line 49, 
past valve 52, and into the process chamber 24. Well fluid 
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entering the process chamber 24 will typically be at about 
wellhead pressure, although it may deviate slightly from 
wellhead pressure due to line losses, elevation changes, and 
so forth. Well fluid pressure will move the piston 22 toward its 
position of FIG. 4 as well fluid enters the process chamber 24. 
Simultaneously, seawater in working chamber 26 will be 
discharged through Valve 42, where it may pass to ambient 
SeaWater. 

During a pump stroke, the piston 22 is moved from its 
position in FIG. 4 to its position in FIG.3A. FIG. 4 shows the 
pumping element 10 at the beginning of the pump stroke. 
Valve 52 is now closed and valve 54 is now open to the 
process chamber 24, whereas valve 44 is open and valve 42 is 
closed to the working chamber 26. Seawater pump 120 
pumps seawater past valve 44 into the working chamber 26, 
moving the piston back toward its position of FIG. 3. Simul 
taneously, well fluid is pumped out of process chamber 24. 

The alternating fill and pump strokes described above may 
be used to continually pump fluid from the wellhead to the 
Surface. Because an individual pumping element cannot 
simultaneously pump and fill, multiple pumping elements 10 
may be configured within a flow manifold to smooth the flow 
of pumped well fluid. While one or more pumping elements 
are doing a fill stroke, one or more other pumping elements 
may be doing a pump stroke, so that well fluid is continuously 
being pumped. A number of control systems are known in the 
art for synchronizing multiple pumping elements to optimize 
flow. 
The way in which well fluid pressure Pw may drive the 

piston 22 against Seawater at higher, hydrostatic seawater 
pressure Ps during the fill stroke may be explained with 
reference to FIGS. 3A, 3B, and 3C. The piston 22 has oppos 
ing faces 27, 19. The piston face 27 exposed to well fluid has 
an area Aw (FIG. 3B). The well fluid thus acts on piston face 
27 with a force Fw-Pw)xAw. Rod 28 has a cross sectional area 
Ar (FIG. 3C). The piston face 19 exposed to seawater at 
hydrostatic pressure has an effective area Ah=Aw-Ar. The 
seawater thus acts on piston face 19 with a force Fh=PhxAh. 
Because Aw is greater than Ah, the force Fw applied by well 
fluid may be greater than the force Fh applied by hydrostatic 
seawater pressure, even when the hydrostatic Seawater pres 
sure Phis greater than well fluid pressure Fw. The pressure in 
reduced pressure chamber 32 is less than pressure of ambient 
seawater, and may maintain a reduced pressure relative to the 
pressure of fluid in the working chamber 26 over a full range 
of piston/rod travel within housing 12. This stepped configu 
ration allows well fluid pressure to drive the fill stroke even 
when well pressure has dropped to below that of ambient 
SeaWater. 

The effective area of the piston face exposed to well fluids 
is the area of the piston projected onto a plane perpendicular 
to the axial movement of the piston as shown in FIG.3B. The 
effective area of the piston face exposed to seawater is the 
projected area of the piston minus the projected area of the 
cross sectional area where the rod 28 passes into the reduced 
pressure chamber 32. With reference to FIG.3C, the effective 
area Ah of the piston face exposed to seawater may be com 
puted as Ah=Aw-Ar. 

Because pressure from the well may be particularly strong 
early in the life of the well, and significantly higher than 
ambient seawaterpressure, the force Fw applied to piston face 
27 by well fluid may initially be very high in relation to 
pressure imparted on piston face 19 by ambient seawater. A 
choke (not shown), or other flow restricting device Such as 
valve 42, may be used to control flow out of the working 
chamber 26 during the fill stroke, i.e. to impart “back pres 
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6 
sure' on the piston to minimize or prevent uncontrolled or 
excessively fast piston movement. 
The difference between forces acting on piston face 27 and 

piston face 19 (Fw-Fh) depends on the relative difference in 
cross sectional areas Aw and Ar of the piston 22 and the rod 
28, respectively. For instance, if the rod 28 were extremely 
thin as compared to the diameter of the piston 22, the areas 
Aw, Ah of piston faces 27, 19 would be nearly equal. By 
contrast, if the rod 28 and piston 22 had nearly the same cross 
sectional area, there may be too little effective area Ah on 
piston face 19 for working fluid to act during the pump stroke. 
In some embodiment, the piston and rod diameters are 
selected Such that the second face has an effective area equal 
to between 25% and 75% of the effective area of the first face. 
The sea is an environmentally sensitive area, and respon 

sible well operators take necessary steps to minimize or elimi 
nate contamination. Well fluid is a potential contaminant, so it 
is important to keep it from entering ambient seawater. Vir 
tually all piston/cylinder configurations are prone to leakage 
during use. Thus, well fluid leaking past piston 22 from pro 
cess chamber 24 to working chamber 26 may ultimately 
escape to the sea during fill strokes. 

FIG. 5 shows an embodiment for eliminating this type of 
contamination. A “rolling diaphragm 52 is disposed within 
the first bore 14 and is sealed to the interior wall 15. As the 
piston 22 travels within the first bore 14, the rolling dia 
phragm 52 is flexible to accommodate movement of the pis 
ton 22 without detaching from the interior wall 15. Because 
diaphragm 52 is flexible, well fluids can still impart pressure 
to piston 22. However, well fluids in process chamber 24 
cannot pass beyond the rolling diaphragm 52, and are thereby 
prevented from migrating past piston 22 and into working 
chamber 26, where they might otherwise escape to the sea. In 
other embodiments, the diaphragm 52 could instead be posi 
tioned within the working chamber 26 between piston 22 and 
outlet port 40, allowing well fluid to migrate past piston 22, 
but not to outlet port 40. 

Another aspect of the invention is a method of using a 
pressure driven pumping system. The method may be dis 
cussed with reference back to the embodiment of FIG. 2. The 
working chamber 26 is placed in communication with ambi 
ent seawater, such as through working fluid ports 42, 44, and 
the process chamber 24 is placed in communication with the 
subsea wellhead system 100 (FIG.1), such as through process 
fluid ports 48, 50. 

Still referring to FIG. 2, the reduced pressure chamber 32 is 
set to a pressure selected as a function of hydrostatic pressure 
at the depth at which the pump apparatus 10 will be used. 
Chamber 32 may be set, for example, to about atmospheric 
(sea-level) pressure, so that it will be below ambient pressure 
at any depth of seawater. One way to set the chamber 32 to 
atmospheric pressure is to open it to the atmosphere at sea 
level via port 56, by opening valve 58 and subsequently 
closing valve 58, prior to Submerging. Alternatively, hydro 
static pressure may be computed in advance according to the 
depthat which the pump apparatus 10 is to be submerged, and 
the pressure in chamber 32 may be set to less than hydrostatic 
pressure at that selected depth using a variety of pressure 
equipment known in the art. It may be desirable in some 
applications to set the pressure in chamber 32 to near vacuum. 
If a range of depths is anticipated, or if the depth is not 
precisely known in advance, the possible range of depths may 
be taken into account, and the pressure in chamber 32 set at 
less than hydrostatic pressure over that range. Likewise, if 
pressure was computed based on a specific selected depth, it 
may be advantageous to ensure the apparatus 10 is Submerged 
to a depth of within a range of that selected depth, such as 
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within 100 feet of that selected depth. Other vacuum or pres 
Sure systems may be used in other embodiments to remotely 
adjust pressure to the chamber 32 prior to or after Submerging. 
For example, in one embodiment, an accumulator Such as that 
disclosed in U.S. Pat. No. 6,202.753 may be used to remotely 
adjust pressure to the chamber 32. 

With the piston 22 in the position shown in FIG. 2, the fill 
stroke may be initiated. To initiate the fill stroke, valve 42 is 
opened to vent port 40 to ambient seawater, and valve 44 is 
closed. Then, valve 54 is closed, and valve 52 is opened to 
place port 48 in communication with the wellhead system 100 
(FIG. 1). Well fluid is then passed from the subsea wellhead 
system 100 to fill the process chamber 24 and move the piston 
22 to expel seawater from the working chamber 26. As dis 
cussed above in connection with FIG. 3A, the cross sectional 
areas of the rod 28 and piston 22 affect the forces applied by 
hydrostatic seawater and well fluid driven by well pressure. A 
rod diameter and a piston diameter may be selected in 
advance according to the range of depth at which the appara 
tus 10 may be operated, such that a force applied by the well 
fluid to the piston 22 will exceed a force applied by the 
ambient seawater to the piston 22. Thus, the above fill stroke 
may be driven solely by pressure from the well, even in 
instances where well pressure at inlet port 48 is less than 
ambient hydrostatic pressure. Early in the life of the well, well 
fluid pressure may be high, and to control piston movement 
the fill stroke may comprise selectively controlling flow out of 
the working chamber 26 to impart back pressure on the piston 
22 during the step of passing well fluid from the subsea 
wellhead system 100 to the process chamber 24. 

Next, still referring to the structure of FIG. 2, the pump 
stroke may take place. Valves 42 and 52 may be closed, and 
valves 44 and 54 opened. Seawater may be passed into the 
working chamber 26 through port 38 to expel the well fluid 
from the process chamber 24 through port 50, which may pass 
to the Surface. Assuming force on the piston 22 from well 
pressure exceeds force on the piston 22 from ambient hydro 
static pressure, seawater will need to be pumped into the 
working chamber 26 during discharge, rather than relying on 
hydrostatic pressure. Seawater pumps that can be used for this 
purpose are typically included on floating production vessels, 
and may alternatively be remotely located Subsea. The pump 
may be placed in communication with working chamber 26 
via inlet port 38. 

FIG. 6 illustrates a method of pumping fluid from a subsea 
well according to one aspect of the invention, wherein dashed 
lines indicate optional steps or conditions. Step 200 places a 
housing in seawater at a selected depth. The housing has a 
bore separated by a piston into a well fluid chamber and a 
seawater chamber. The piston has a first face exposed to the 
well fluid chamber and a second face exposed to the seawater 
chamber. The second face has an effective area less than an 
effective area of the first face. Main pumping loop 215 
includes steps 202 and 204, as follows. Step 202 places the 
well fluid chamber in fluid communication with a subsea well 
to pass well fluid into the well fluid chamber at well pressure, 
thereby moving the piston to discharge seawater from the 
seawater chamber. The well pressure may be less than hydro 
static seawater pressure at the selected depth. The force of 
well pressure on the first face may be greater than the force of 
hydrostatic seawater pressure on the second face. Step 204 
pumps seawater into the seawater chamber, thereby moving 
the piston to discharge well fluid from the well fluid chamber. 
Thus, steps 202 and 204 may be cycled repeatedly to pump 
well fluid from the subsea well. 

Still referring to FIG. 6, in step 206 a reduced pressure 
chamber is set to no more than about 1 atm, and a rod extends 
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8 
from the piston to the reduced pressure chamber. Step 208 
instead sets pressure in the reduced pressure chamber as a 
function of hydrostatic pressure at the selected depth. Step 
210 passes the discharged well fluid to a production line 
extending above the housing. Step 212 pumps seawater to the 
seawater chamber using a pump positioned above the hous 
ing, and typically at the Surface. In step 214, flow out of the 
working chamber may be selectively controlled while passing 
well fluid to the well fluid chamber. 

FIG. 7 illustrates a method of manufacturing a pressure 
driven pumping system according to another aspect of the 
invention, wherein dashed lines indicate optional steps or 
conditions. The method may include as few as steps 220, 222, 
and 224. Step 220 disposes a separating member within a first 
bore of a housing to separate a process chamber from a 
working chamber. The separating member is movable within 
the housing. Step 222 couples a rod member to the separating 
member and extends the rod member into a reduced pressure 
chamber. Step 224 seals the reduced pressure chamber from 
the working chamber for Sustaining a pressure less than a 
pressure in the working chamber. 

Still referring to FIG. 7, a rod diameter and a piston diam 
eter may be selected in step 226 such that a force applied by 
working fluid to the piston member will exceed a force 
applied by seawater to the piston member according to a 
selected range of well fluid pressure and a selected range of 
seawater depth. In step 228, a rolling diaphragm may be 
disposes within the process chamber for preventing migration 
of fluid from the process chamber to the working chamber. In 
step 230, a pump may be placed in fluid communication with 
the working chamber for pumping working fluid to the work 
ing chamber. 

In FIG. 8, a configuration for a pumping system 901 in 
accordance with an embodiment of the present invention is 
shown. The pumping system 901 in FIG.8 may be configured 
so that well fluid from a production well 201 is assisted while 
pumping injection fluid into an injection well 940 from an 
injection fluid apparatus 920 located at the offshore well site 
910. As used herein, “injection fluid apparatus’ refers to the 
apparatus or combination of apparatuses that provides injec 
tion fluid. In FIG. 8, the pumping system 901 is illustrated as 
a block and may be any pumping system that is configured 
Such that an external pressure source can assist the actuation 
of the pumping system, Such as embodiments of the invention 
described above. Injection wells such as 940 are commonly 
used in the oilfield for disposal of contaminated fluids and for 
maintaining pressure in a reservoir from which one or more 
production wells Such as 201 are producing. 

In a typical injection well offshore for pressurizing the 
reservoir, saltwater is filtered and treated in an injection fluid 
apparatus 920 and then pumped into the injection well 940. In 
the embodiment shown in FIG. 8, the injection fluid is 
pumped through injection line 950 to pumping system 901 as 
described above with respect to the pumping element shown 
in FIG. 2. The injection fluid acts as the working fluid. In the 
fill stroke, as the injection fluid is pumped into the injection 
well 940 (instead of being discharged to ambient seawater as 
in FIG. 2), well fluid is drawn from the production well 201. 
Then, during the pump stroke, injection fluid is pumped into 
the pumping system 901 from the injection fluid apparatus, 
which pumps well fluid through production line 203 to a 
subsequent location, such as a riser 905. 
An advantage of combining injecting fluid into an injection 

well 940 while drawing well fluid from production well 201 
is that a single Surface pump can be used to both Supply the 
injection well 940 and actuate the pumping system 901. Fur 
ther, the relative pressures between the injection well, the 
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production well 201, and the hydrostatic pressure at the depth 
of the pumping system 901 can be used to reduce the amount 
of pressure needed from a surface pump to actuate the pump 
ing system 901. Typically, a production well 201 has a lower 
pressure than an injection well, in particular one that is being 
used to recharge the same formation as the production well is 
drawing well fluid from. Depending on the particular injec 
tion well 940 and the depth at which the pumping system 901 
is located, the pressure of the injection well 94.0 may be lower 
than the hydrostatic pressure of the ambient seawater. When 
the injection well 940 has a lower pressure than the ambient 
seawater, the pressure required from a Surface pump to draw 
well fluid from the production well 201 during the fill stroke 
is reduced by about that pressure differential. 

In effect, a negative pressure differential between the injec 
tion well 940 and the ambient seawateracts as a “free pump' 
to reduce pressure resistance to the Surface pump as it actuates 
the pumping system 901 to draw well fluid from the produc 
tion well 201. For example, an injection well 940 typically 
has a pressure of about 1500 psi to about 1800 psi. Assuming 
that the injection well 940 has a pressure less than about 1800 
psi and that the pumping system 901 is Submerged in seawa 
ter, a negative pressure differential between the ambient sea 
water and the injection well 940 would exist when the pump 
ing system 901 is submerged at a depth greater than about 
4050 feet. For a pressure less than about 1500 psi, the negative 
pressure differential would exist when the pumping system 
901 is submerged at a depth greater than about 3380 feet. 
Those having ordinary skill in the art will appreciate that a 
negative pressure differential is only needed to provide pres 
sure assistance from the injection well 940, and that other 
advantages may exist when the injection well 940 and the 
production well 201 are connected to a common pumping 
system 901 even when the pressure of the injection well 940 
is greater than the hydrostatic pressure at the depth at which 
the pumping system 901 is submerged. Further, although the 
greatest hydrostatic pressure exists on the sea floor, embodi 
ments of the present invention, including the one shown in 
FIG. 8, do not require that the pumping system 901 to be on 
the sea floor or in any other specific location or depth. 
As described in connection with Some exemplary embodi 

ments above, the invention may advantageously facilitate the 
pumping of well fluids, and may be used even when the 
wellhead pressure is below that of ambient hydrostatic pres 
sure. While the invention has been described with respect to a 
limited number of embodiments, those skilled in the art, 
having benefit of this disclosure, will appreciate that other 
embodiments can be devised which do not depart from the 
Scope of the invention as disclosed herein. Accordingly, the 
scope of the invention should be limited only by the attached 
claims. 
The invention claimed is: 
1. A method of manufacturing a pressure driven pumping 

system, the method comprising: 
providing a separating member within a first bore of a 

housing to separate a process chamber from a working 
chamber, the separating member being movable within 
the housing: 

providing a rod member in contact with the separating 
member and to extend into a reduced pressure chamber, 
the reduced pressure chamber being sealed from the 
working chamber and configured for Sustaining a pres 
Sure less than a pressure in the working chamber; 

attaching one or more working fluid ports to pass through 
the housing to the working chamber; and 

fluidly connecting one or more working fluid valves to the 
one or more working fluid ports for controlling flow 
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10 
through the one or more working fluid ports, wherein the 
separating member comprises a first face exposed to a 
process fluid and a second face exposed to a working 
fluid, the first face having an effective area greater than 
an area of the second face, 

wherein the working chamber is sandwiched between the 
process chamber and the reduced pressure chamber Such 
that the rod member extends through the entire working 
chamber, and 

wherein at least one of the working fluid ports is in fluid 
communication with a pump for passing working fluid 
into the working chamber. 

2. The method of claim 1, further comprising: 
selecting a rod member diameter and a separating member 

diameter such that a force applied by the working fluid to 
the separating member exceeds a force applied by a 
process fluid to the rod member according to a selected 
range of well fluid pressure and a selected range of 
seawater depth. 

3. The method of claim 2, wherein the separating member 
is a piston and the piston comprises a first face exposed to the 
process chamber and a second face exposed to the working 
chamber, the second face having an effective area equal to 
between 25% and 75% of an effective area of the first face. 

4. The method of claim 1, further comprising: 
disposing a rolling diaphragm within the process chamber. 
5. The method of claim 1, further comprising: 
configuring at least one of the working fluid ports to be in 

fluid communication with seawater when the housing is 
Submerged in the seawater. 

6. The method of claim 1, further comprising: 
providing one or more process fluid ports to pass through 

the housing to the process chamber, wherein at least one 
of the process fluid ports is adapted for fluid communi 
cation with a subsea wellhead. 

7. The method of claim 6, wherein at least one of the 
process fluid ports is adapted for fluid communication with a 
production line. 

8. The method of claim 1, further comprising: 
fluidly connecting a flow control device to the working 

chamber for controlling flow of working fluid out of the 
working chamber. 

9. The method of claim 1, further comprising: 
attaching a diaphragm to the housing for preventing migra 

tion of fluid from the process chamber to the working 
chamber. 

10. A method for manufacturing a pumping system to be 
connected to a subsea well for extracting a well fluid from the 
well, the method comprising: 

providing in a housing a process chamber, a working cham 
ber and a reduced pressure chamber in this order; 

placing a separating member within a first bore of the 
housing to separate the process chamber from the work 
ing chamber, the separating member being movable 
within the housing: 

attaching a rod member to the separating member and 
extending it through the working chamber into the 
reduced pressure chamber, the reduced pressure cham 
ber being sealed from the working chamber and config 
ured to Sustain a pressure less than a pressure in the 
working chamber, 

connecting a first port of the process chamber to the well 
and a second port configured to be connected to a pipe 
that takes the well fluid to a surface of sea; 

connecting a first port of the working chamber to ambient 
seawater and a second port configured to be connected to 
an external pump; 
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providing the pressure reduced chamber with a single port; 
and 

Selecting a ratio of an area of a face of the separating 
member to an area of a face of the rod member such that 
a pressure of the well fluid, when smaller than a pressure 
of the ambient seawater, pushes out the seawater from 
the working chamber and the well fluid into the process 
chamber. 

11. A method for manufacturing a pressure driven pumping 
system, the method comprising: 

providing a separating member within a first bore of a 
housing to separate a process chamber from a working 
chamber, the separating member movable within the 
housing: 

attaching a rod member to the separating member and 
extending into a reduced pressure chamber, the reduced 
pressure chamber being sealed from the working cham 
ber and configured for Sustaining a pressure less than a 
pressure in the working chamber, and 

providing one or more process fluid ports to pass through 
the housing to the process chamber, wherein at least one 
of the process fluid ports is adapted for fluid communi 
cation with a subsea wellhead, 

wherein the separating member comprises a first face 
exposed to a process fluid and a second face exposed to 
a working fluid, the first face having an effective area 
greater than an area of the second face, and 

wherein the working chamber is sandwiched between the 
process chamber and the reduced pressure chamber Such 
that the rod member extends through the entire working 
chamber. 

12. The method of claim 11, further comprising: 
providing the separating member in Sealing engagement 

with the first bore of the housing. 
13. The method of claim 12, wherein the separating mem 

ber is a piston and the piston comprises a first face exposed to 
the process chamber and a second face exposed to the work 
ing chamber, the second face having an effective area equal to 
between 25% and 75% of an effective area of the first face. 

14. The method of claim 11, further comprising: 
providing one or more working fluid ports to pass through 

the housing to the working chamber; 
providing one or more working fluid valves for controlling 

flow through the one or more working fluid ports; and 
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wherein at least one of the working fluid ports is in fluid 

communication with a pump for passing working fluid 
into the working chamber. 

15. The method of claim 14, further comprising: 
fluidly connecting at least one of the working fluid ports 

with seawater when the housing is Submerged in the 
SeaWater. 

16. The method of claim 11, further comprising: 
fluidly connecting at least one of the process fluid ports 

with a production line. 
17. The method of claim 11, further comprising: 
fluidly connecting a flow control device with the working 

chamber for controlling flow of working fluid out of the 
working chamber. 

18. The method of claim 11, further comprising: 
providing a diaphragm within the housing for preventing 

migration of fluid from the process chamber to the work 
ing chamber. 

19. The method of claim 18, wherein the diaphragm com 
prises a rolling diaphragm disposed within the process cham 
ber. 

20. A method for manufacturing a pressure driven pumping 
system, the method comprising: 

providing a separating member within a first bore of a 
housing to separate a process chamber from a working 
chamber, the separating member movable within the 
housing: 

attaching a rod member to the separating member and 
extending it into a reduced pressure chamber, the 
reduced pressure chamber being sealed from the work 
ing chamber and configured for Sustaining a pressure 
less than a pressure in the working chamber; and 

providing a diaphragm within the housing for preventing 
migration of fluid from the process chamber to the work 
ing chamber, 

wherein the separating member comprises a first face 
exposed to a process fluid and a second face exposed to 
a working fluid, the first face having an effective area 
greater than an area of the second face, and 

wherein the working chamber is sandwiched between the 
process chamber and the reduced pressure chamber Such 
that the rod member extends through the entire working 
chamber. 


